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© SolW-state Image pick-up device having electric field for accelerating electric charges from 
photo-electric converting region to shift register. 
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©. A solio>state image pick-up device is fabricated 
on a p-type semiconductor substrate (21), and hav- 
ing a plurality of photo-etectric converters (23a to 
23d) respectively having retype impurity regions 
(NR21) and formed in a surface portion of the semi- 
conductor substrate at spacings, a shift register (27) 
having an n-type charge transfer region (NR22) sep- 
arated from the n-type impurity regions by respec- 
tive channel forming regions, a thin insulating film 
covering the channel forming regions and outlet sub- 
regions of the n-type impurity regions, and a transfer 
gate electrode (28) extending on the thin Insulating 
film, wherein the. transfer gate electrode is shaped in 
such a manner, as to create an electric field over 
each outlet subregion and the associated channel 
forming region so that carriers are accelerated from 
each outlet subregion through the associated chan- 
nel forming region to the shift register. 
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HELD OF THE INVENTION 



Ths invention relates to a solid-state image 
Pick-up device and, more particularly, to an outlet 
.. ~ 5ff!L2L! .P^o^tecWc converting region contig- 
uous to a channBlTSSBrg^ 
snffl register for creating an electric field accelerat- 
ing electric charges. 

DESCRIPTION OF THE RELATED ART 

A solid-state image pick-up device has found a 
wide variety of application such as, for example, an 
image sensor incorporated in an automatic focus- 
ing mechanism of a camera or in a facsimile ma- 
chine. 

Referring to Figs. 1 to 3, a typical example of 
the solid-state image pick-up device is fabricated 
on a p~type silicon substrate 1. Although a thick 
oxide film 2 covers the entire surface of the silicon 
substrate 1. the thick oxide film 2 is partially re- 
moved from the silicon substrate 1 in Fig. i for 
better understanding. In the silicon substrate 1 are 
formed a plurality of n-type rectangular regions 
NR1 arranged in staggered manner which provide 
photo-electric converting regions 3a, 3b and 3c 
together with p-type impurity regions PR1 over- 
lapped therewith. Another n-type impurity region 
NR2 is formed in the silicon subs^afe I, arid is " 
connectable to every other photo-electric convert- 
ing region 3b through a p-type channel forming 
area of the silicon substrate 1. The n-type rectan- 
gular region 3b has an outlet subregton 4 which is 
contiguous to the channel forming area. The n-type 
rectangular regions NR1 and the n-type impurity 
region NR2 are surrounded by a heavily doped p- 
type channel stopper 5 which is hatched in the 
drawings so as to be easily discriminated from n- 
type impurity regions NR1 and NR2, 

A large number of gat© electrodes 6a, 6b, 6c, 
6d. 6e, & and 6g are provided over the n-type 
impurity region NR2, and each of the gate elec- 
trodes 0a to 6g is partially overlapped with those 
located on both sides thereof. A phase-one trans- 
ferring clock signal CLK1 and a phase-two transfer- 
ring clock signal CLK2 are selectively supplied to 
the gate electrodes 6a to 6g. and the n-type impu- 
rity region NR2 and the gate electrodes 6a to 6g as 
a whole constitute a mufti-stage vertical shift regis- 
ter 7 of the CCD type. 

A strip of transfer gate electrode 8 extends 
over the channel forming areas, and is partially 
overlapped with the outlet subreglon 4. A transfer 
signal TR is supplied to the transfer gate electrode 
8, thereby allowing electric charges accumulated in 
the photo-electric converting region 3b to flow into 
the vertical shift register 7. The outlet subregion 4 
beneath the transfer gate electrode 8 has a width 



W anrj a length L, and a problem inherent in the 
Pnor art solid-state image pick-tip device will be 
heremtater described In conjunction with the width 
W and the length L The solid-state image pick-up 
L,.gg^. thu s .arranged is covered with a photo-shield 
P u^?*~ n& »*^*^r&T6main Ihephotov 
shield plate 9 exposes the photometric converting 
regions 3a to 3c to photo radiation carrying images 
Description Is briefly made on the image pick- 
10 U P operation. While the transfer signal TR remains 
m an inactive tow voltage level, photo radiation is 
fallen onto the photo-electric converting regions 3a 
to 3c. and is converted to electric charges. The 
amount of the efectric charges depends on the 
« intensity of the photo radiation. The electric 
charges thus accumulated in the photo-etectric 
converting regions 3a to 3c now Into transfer 
stages of in the vertical shift register 7 upon ap- 
plication of the transfer clock signal TR of an active 
» high voltage level The electric charges accumu- 
lated in the photo-electric converting region 3b is 
transferred through the outlet subregion 4 and the 
channel forming area to the vertical shift register 7, 
The electric charges are conveyed from stage to 
25 stage in synchronism with the phase-one and 
phase-two deck signals CLK1 and CLK2. and are 
read out to the outside thereof as an image carry- 
ing signal through a horizontal shift register (not 
shown) in t a case of'area Image pick-up device or 
30 directly in a case of linear image pick-up device. 

The prior art softd-state Image pick-up device 
has a drawback In that after images tend to take 
place on a display unit supplied with the image 
carrying signal, and residual electric charges left in 
35 the outlet subregion 4 are causative of the after 
images. In detail, while the transfer signal TR re- 
main tow, the outlet subregion 4 and the associated 
channel forming area have the respective bottom 
edges E0 and E1 of the conduction bands in- 
40 dicated by broken fines, and the channel forming 
area provides a potential barrier against the electric 
charges accumulated in the photo-electric convert- 
ing region 3b. When the transfer signal TR goes up 
to the active high voltage level, the bottom edge E0 
<5 in the outlet subregion 4 becomes lower than the 
bottom edge E1 In the channel forming area in- 
dicated by real Ones, and a potential well VYL takes 
place in the outlet subregion 4. Most of the electric 
charges accumulated in the photo-electric convert- 
so ing region 3b pass through the outlet subregion 4 
and the channel forming area to the vertical shift 
register 7, however, residual electric charges are 
left in the potential well VYL. Even If the photo 
radiation fallen onto the photo-electric converting 
ss region 3b is negligible, the residua] efectric chargos 
gradually flow into the vertical shift register 7 to the 
presence of the transfer signal TR of the active 
high voltage level, and ride on the image carrying 
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signal. The residual electric charges thus swept 
mto the vertical shift register 7 form after images 
on the associated display unit regardless of photo 
radstfon. 

Since the potential well WL is produced In the s 
outlet subregion 4, the amount of the residual elec- 
tric charges Is decreased together with the width W 
and the length L However, this approach encoun- 
ters other serious problems. 

If the length L is too short as shown In Figs. 4 io 
and 5, undesirable potential barrier PB takes place 
In the outlet subregion 4 as shown In Rg. e. In 
detail. If the length L is shorter than a distance Ld 
between the p-type impurity region PR1 and the p- 
type silicon substrate 1, the bottom edge of the p- is 
type Impurity region PR1 becomes closer to the p- 
type silicon substrate 1 along a vertical boundary 
surface VS of the n-type rectangular region NR1, 
and Is separated therefrom again around the outlet 
subregion 4 beneath the transfer gate electrode B. so 
A narrow portion takes place in the rvtype rectan- 
gular region NR1, and depletion regions extending 
from the p-type impurity region PR1 and the silicon 
substrate 1 deform the bottom edge in the narrow 
portion lower with respect to that m the outlet 25 
subregion 4 beneath the transfer gate electrode a 
This results in the potential barrier PB. Since the 
potential barrier PB blocks electric charges, the 
solid-state image pick-up device with the short 
length L also suffers from after images. 30 

An outlet subregion 4 with a small width W Is 
causative of another problem. Figs. 7 and 8 shows 
an outlet subregion wfth a small width W, however, 
the thick oxide film 2 and the photo-shield plate 9 
are removed from the solid-state image pick-up 35 
device, tf the width W is decreased, the narrow 
outlet subregion 4 restricts the amount of electric 
charges passing therethrough, and all of the elec- 
tric charges produced by photo radiation hardly 
diffuse over the narrow outlet subregion 4 into the 40 
vertical shift register 7 in the presence of the 
transfer signal TR of the active high voltage level. 
The residual electric charges in the photo-electric 
converting region 3b produce after images on an 
associated cfisplay unit 45 

An outlet subregion 4 as wide as 10 microns as 
shown In Fig. 10A smoothly transfers electric 
charges, and the amount of after images Is not 
increased even if the transfer signal TR is made 
short (see dots in Rg. 1QC). However, since the so 
wide outlet subregion 4 accumulates residual elec- 
tric charges due to the potential well WL, the after 
images is maintained in a relatively Ngh level. On 
the other hand, if the outlet subregion 4 is de- 
creased to 5 microns as shown In Rg. 10B, the 55 
amount of after images Is relatively small In so far 
as the transfer signal TR is equal to or greater than 
1 microsecond. However, the amount of the after 



•mages Is drastically increased in the presence of 
the transfer signal TR less than 1 microsecond 
(see bubbles in Fig. 10C). 

Thus, various parameters affects the produc- 
tion of after images, and a new and useful sofld- 
state image pick-up device is expected for im- 
proved Images. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the 
present invention to provide a solid-state image 
pick-up device which is free from after images. 

To accomplish these objects, the present In- 
vention proposes to accelerate electric charges 
with electric field produced along an outlet sub- 
region. 

In accordance with the present invention, there 
Is provided a solid-state Image pick-up device 
comprising a) a semiconductor substrate of a first 
conductivity type, b) a plurality of photoelectric 
converting regions having first impurity regions of a 
second comiuctivity type opposite to the first con- 
ductivity type, respectively, and formed in a sur- 
face portion of the semiconductor substrate at 
spacings, c) a shift register having a charge trans- 
fer region of the second conductivity type sepa- 
rated from the first impurity regions by respective 
channel forming regions of the first conductivity 
type, d) a thin insulating film covering the channel 
forming regions and outlet subregions of the first 
Impurity regions, the outlet subregions being con- 
tiguous to the channel forming regions, respec- 
tively, and e) a transfer gate electrode extending on 
the thin insulating film and shaped in such a man- 
ner as to create an electric field over each outlet 
subregion and the associated channel forming re* 
gion for accelerating earners from aforesaid each 
outlet subregion through the associated channel 
forming region to the shift register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the solid-slate 
image pick-up device according to the present 
invention wJR be more clearly understood from the 
following description taken In conjunction with the 
accompanying drawings in which: 

Rg. 1 is a plan view showing the layout of the 

prior art solid-state image pick-up device; 

Fig. 2 is a cross sectional view taken along fine 

A-A of Rg. 1 and showing the structure of the 

prior art so fid-state Image pick-up device; 

Fig. 3 is an energy diagram showing the bottom 

edges of conduction bands created in the prior 

art solid-state Image pick-up device; 

Rg. 4 Is a plan view showing an extremely short 

outlet subregion formed in another prior art 
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soUd-stats image pick-up device; 
R 9- 5 ^ a cross sectional view taken along fine 
B-B of Rg. 4 and showing the structure of the 
prior art solid-state image pick-up devfce; 

._ r R 9 s . fe anja^yjjjagra m show ing the bottom 

edgesHbT conduction Bands -CfeaWm^aroW 

the outlet sub -region shown in Rg. 4: 

Fig. 7 is a plan view showing an extremely 

narrow outlet subregion formed in still another 

prior art solid-state image pick*up device; 

Fig. 8 is a cross sectional view taken along line 

C-C of Fig. 7 and snowing the structure of the 

prior art solid-state image pick-up device; 

Fig. 9 is an energy diagram showing the bottom 

edges of conduction bands created in around 

the outlet subregion shown in Rg, 7; 

Ftgs. 10A and 10B are plan views showing two 

outlet subregions different in width; 

Rg. 10C is a graph showing the amount of after 

images caused by the outlet subregions shown 

in Figs. 10Aand 10B; 

Rg- ti is a plan view showing the layout of a 
solid-state image pick-up device according to 
the present invention; 

Rg. 12 is a plan view showing, in an enlarged 
scale, the layout around an outlet subregion 
incorporated in the solid-state image pick-up 
device shown in Rg. 11; 

Fig. "13 is a cross sectional view fckih along line " 
D-D of Rg. 12 and showing the structure of the 
solid-state image pick-up device; 
Rg- 14 is a graph showing potential of a con- 
ductive channel in the presence of narrow chan- 
nel effect 

Rg. 15 is an energy diagram showtng the bot- 
tom edges of the conduction bands created 
around the outlet subregion shown in Rg. 12; 
Rg. 16 is a plan view showing the layout of an 
essential part of another solid-state image pick- 
up device according to the present invention; 
Rg. ir is a cross sectional view taken along line 
E-E and showing the structure of the essential 
pan shown in Rg. 16; and 
Rg. 18 is an energy diagram showing the bot- 
tom edges of the conduction bands created in 
the essential part shown in Rg. 10. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

Referring to Figs. 11 to 13 of the drawings, a 
solid-state image pick-up device embodying the 
present invention is fabricated on a lightly doped p- 
type silicon substrate 21. Although a thick oxide 
fHm 22 covers the entire surface of the silicon 
substrate 1. the thick oxide film 22 is partially 



removed from the silicon substrate 21 in Rg. 11 for 
better understanding. The thick oxide film 22 is 
perfectly removed in Figs. 12 and 13. 

In the silicon substrate 21 are formed a plural- 

? fry of n-type jertangula r regions NR 21 arranged in 

staggered Ihanr^ 

converting regions 23a. 23b, 23c and 23d together 
with associated p-type impurity regions PR21 over- 
lapped therewith as will be better seen from Rgs. 
70 12 and 13. Another n-type impurity region NR22 is 
formed in the silicon substrate 21, and is correc- 
table to every other photo-electric converting re- 
gion 23rV23d through a p-type channel forming 
area. The n-type impurity region NR22 serves as a 
75 charge transfer region. Trie n-type rectangular re- 
gions 23b and 23d have respective outlet sub- 
regions 24a and 24b. and the outlet subregions 24a 
and 24b are contiguous to the associated channel 
forming regions, respectivery. The n-type rectangu- 
20 lar regions NR21 and the n-type impurity region 
NR22 are surrounded by a heavily doped p-type 
channel stopper 25 which is hatched in the draw- 
ings so as to easily discriminated from n-type 
impurity regions NR21 and NR22. In this instance, 
25 the n-type rectangular impurity regions NR21 serve 
as first impurity regions, and the p-type impurity 
region PR21 as a second impurity region. 

A large number of gate electrodes 26a, 26b, 
26c;~26d,*26e. 26f, 26g and 26rT are provided over " 
30 the n-type impurity region NR22, and each of the 
gate electrodes 26a to 28h is partially overlapped 
with those located on both sides thereof. A phase- 
one transfemng clock signal CLK1 and a phase-two 
transferring clock signal CLK2 are selectively sup- 
3S plied to the gate electrodes 26a to 26h. and the n- 
type frnpurity region NR22 and the gate electrodes 
26a to 26h as a whole constitute a mufti-stage 
vertical shift register 27 of the CCD type. Although 
the n-type rectangular Impurity regions 23a and 
40 23c have also respective outlet subregions and are 
associated with another vertical shift register, these 
outlet subregions and the vertical shift register are 
not shown in the drawings. Moreover, the vertical 
shift registers are coupled to a horizontal shift 
45 register (not shown) in a case of area image pick- 
up device, and an image carrying signal is trans- 
ferred from the photo-electric converting regions 
23a to 23d through the vertical shift registers 27 
and the horizontal shift register to an external de- 
s? vice. In a case of linear image pick-up device, the 
image carrying signal is transferred to an external 
device through onely one vertical shift register 27. 
The image carrying signal reproduces images on a 
display unit <not shown). 
55 A transfer gate electrode 8 extends over the p- 
type channel forming areas contiguous to the outlet 
subregions 24a and 24b. and has projections 28a 
and 28b overlapped with the outlet subregions 24a 
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and24b, respectively. A transfer signal TR is sup- 
pried to the transfer gate electrode 28, and allows 
electric charges accumulated in the photo-electric 
converting region 23b and 23d to flow into the 
vertical shift register 27, 

As wOl be better seen from Figs. 11 and 12, 
each of the projections 28a and 28b projects from 
a boss portion 26c and is shaped into a trapezoidal 
configuration. Two paraffei segments of the 
trapezoidal configuration are labeled with W1 and 
W2, respectively. The segment W2 is as long as 
the distance defined by the heavily doped channel 
stopper 25. The trapezoidal projection 28a or 28b 
causes a conductive channel to increase the width 
toward the vertical shift register 28, and narrow 
channel effect takes place in the conductive chan- 
nel. Fig. 14 illustrates the narrow channel effect If 
the channel width Is increased from 3 microns to 
10 microns, the potential of the conductive channel 
is increased from 2.5 volts to 4.0 voits in the 
presence of 5 volts at a gate electrode over the 
conductive channel. In this Instance, W1 and W2 
are adjusted to about 3 microns and about 10 
microns, respectively, and potential difference of 
about 1.5 volts takes place along the projection 28a 
or 28b in the presence of the transfer signal TR of 
about 5 volts. Thus, an electric field is produced 
Over the outlet Bubregion 24a or 24b and the asso- 
ciated channel forming region, and the energy dia- 
gram is illustrated in Fig. 15. Namely, the oblique 
bottom edges E11 and E12 are representative of 
the electric field due to the narrow channel effect in 
the presence of the transfer signal TR of about 5 
volts, and a potential ctiscpntinuity PD1 takes place 
therebetween. Electric charges EL produced by 
photo radiation are accelerated by the electric field, 
and the channel forming area allows a large 
emount of the electric charges to flow rather than 
the channel forming area of the prior art solid-state 
image pick-up device. The segment W1 is so smaB 
that a potential well WL can accumulate an ex- 
tremely small amount of electric charges. However, 
the narrow segment W1 never leave electric 
charges, because the electric charges EL are ac- 
celerated In the presence, of the electric field. The 
electric charges surely reaches the vertical shift 
register 27 while the transfer signal TR remains in 
the high voltage level of about 5 volts, and the 
solid-state Image pick-up device surely improves 
the quality of images reproduced on the associated 
display unit. 

The solid-state image pick-up device thus ar- 
ranged Is covered wfth a photo-shield plate 29, and 
a sfit 29a formed in the photo-shield plate 29 
exposes the photo-electric converting regions 23a 
to 23d to photo radiation carrying images. 

The image pick-up operation earned out by the 
solid-state image pick-up device according to the 



present invention Is similar to that of the prior art 
solid-state image pick-up device except for the 
amount of after images, and no further description 
is Incorporated for the sake of simplicity. 

5 ^ tte solid-state image pick-up device accord- 
ing to the present irtventfon, the ratio of W1 to W2 
is regulated to a certain value for allowing the 
narrow channel phenomenon to take place. Rrst, if 
W2 Is greater than 10 microns, the advantage of 

10 the present Invention is hardly achieved, and, 
therefore. W2 is equal to or less than about 10 
microns. W1 should be decreased for the narrow 
channel phenomenon. If W1 is 80 % of W2, the 
narrow channel phenomenon can be expected, and 

16 W1 may be decreased to the minimum dimension 
allowable through a lithographic process. One of 
the commercial products fabricated by the appli- 
cant, W1 and W2 are adjusted to about 3 microns 
and about 8 microns, respectively. 

so 

Second Embodiment 

Turning to Rgs. 10 and 17, an essential part of 
another solid-state image pick-up device embody- 

25 ing the present invention is illustrated, and is simi- 
lar to the first embodiment except for a third p-type 
impurity region 31 formed through ion-implantation. 
f=or this reason, other regions and films are des- 
ignated by the same references used in Rgs. 12 

30 and 13 without any detailed description. The third 
p-type impurity region 31 covers not only the outlet 
subregion 24a but also a part of the channel for* 
ming area, and two potential discontinuities PD2 
and PD3 take place in the bottom edges of the 

ss conduction bands as shown in Ftg. 18. The bottom 
edges of the conduction bands are representative 
of an electric field stronger than that of the first 
embodiment, and electric charges produced by 
photo radiation are accelerated by the strong elec- 

40 trie field. This enhances the charge transfer effi- 
ciency of the channel forming area. 

As will be understood from the foregoing de- 
scription, the solid-state image pick-up device ac- 
cording to the present invention drastically reduces 

45 residual electric charges by virtue of the electric 
field created along the outlet subregion and the 
channel forming area, and after images are less 
fable to take place on a dsplay unit 

Although particular embodiments of the present 

so Invention have been shown and described, it will be 
obvious to those skilled in the art that various 
changes and modifications may be made without 
departing from the spirit and scope of the present 
invention. For example, various configuration are 

55 app&cabte to each of the projections 28a and 28b 
in so far as the narrow channel effect takes place. 

Claims 
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10 



A solid-state Image pick-tip device comprising 
a) a semiconductor substrate (21) of a first 
conductivity type. 
„ b > a Reality of photo-electric converting 
regions I^aT«&T^^23aTliavlng "first 
impurity regions (NR21) of a second con- 
ductivity type opposite to said first con- 
ductrvity type, respectively, and formed in a 
surface portion of said semiconductor sub- 
strate (21) at soarings, 

c) a shift register (27) having a charge 
transfer region (NR22) of said second con- 
ductivity type separated from said first im- 
purity regions (NR21) by respective channel 
forming regions of said first conductivity 
type, 

d) a thin insulating film covering said chan- 
nel forming regions and outlet subregions 
(24a/ 24b) of said first impurity regions 
(NR21), said outlet subregions (24a /24b) 
being contiguous to said channel forming 
regions, respectively, and 

e> a transfer gate electrode (28) extending 

on said thin insulating film, 
characterized in that said transfer gate elec- 
trode (28) is shaped in such a manner as to 
create an electric field over each outlet sub- 
region (24a724b)"and said associated channel 
forming region for accelerating carriers from 
said each outlet subregion (24a/ 24b) through 
said associated channel forming region to said 
shift register (27). 



extending on said outlet subregion (24a/ 24b) 
and on a part of said channel forming region 
contiguous to said outlet subregion. 



10 



20 



25 



30 



Z. A solid-state image pick-up device as set forth as 
m claim 1 , in which said transfer gate electrode 
(28) has a boss portion extending over said 
outlet subregions (24a/ 24b) and said channel 
forming regions, and projections (28a/ 28b) 
each projecting from said boss portion and 40 
provided for each outlet subregion (24a/ 24b) 
and said associated channel forming region. 

a A solid-state image pick up device as set forth 

in claim 2. in which each of said projections *s 
(28a/ 28b) has a trapezoidal configuration de- 
creased in width toward the leading end of 
thereof. 

4, A solid-state image pick-up device as set forth so 
in claim 3. in which each of said photo-electric 
converting regions (23b/23d) further has a sec- 
ond impurity region (PR21) of said first con- 
ductivity type overlapped with said first impu- 
rity region (NR21) except for said outlet sub- 55 
region (24a/ 24b), and a third impurity region 
(31) of said first conductivity type shallower 
than said second impurity region (PR21) and 



6 
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